A quick, efficient and environmentally beneficial approach for the extraction of alkaloids in goldenseal based on pressurized hot water extraction (PHWE) is presented. PHWE was evaluated following the extraction of hydrastine and berberine which are the two main alkaloids of goldenseal. The effects of temperature and other parameters on extraction yields were monitored by high performance liquid chromatography coupled to diode array detector (HPLC-DAD). The extraction yields were compared to those achieved through reflux and ultrasonic extraction methods. PHWE employed hot water at an optimal temperature of 140˚C, a pressure of 50 bars and flow rate of 1 mL·min −1 for extraction experiments conducted in the dynamic mode. Both PHWE and conventional methods achieved comparable extraction yields. Reflux and ultrasonic extractions had procedures that were slower (over 6 h) and employed large quantities (200 mL) of organic solvents. The PHWE method was simple and relatively fast as extraction was achieved in 15 min. At 95% confidence level (n = 3), reflux and ultrasonic methods recorded extraction yields that were not significantly different from that of PHWE. Moreover, PHWE employed a more readily available "green" solvent, (water) to achieve comparable results to those of conventional methods which utilized organic solvents. The percentage relative standard deviations (%RSD) for the extraction yields were less than 3% in all cases indicating the high reproducibility of the method. However, when using PHWE to extract thermally labile analytes like alkaloids, degradation effects also occurred. Increasing the temperatures certainly achieved higher extraction yields but also led to degradation of these thermally labile compounds indicating a necessity for optimization.
Introduction
Goldenseal (Hydrastis canadensis) is a perennial herb native to southeastern Canada and northeastern United States of America [1] . It is amongst the oldest herbal medicinal plants most commonly employed in the Traditional Chinese Medicines [2] , and has recently been reported to be one of the five bestselling herbal supplements among dietary supplements sold in the United States of America [3] . The biological activities of goldenseal are associated with the isoquinoline alkaloids hydrastine and berberine (Figure 1 ) even though the plant also contains other alkaloids including hydrastinine, tetrahydroberberine and canadine [4] . Goldenseal has been used for the treatment of infections, inflammation, as an antibiotic and immune system booster, and it is of current interest as a natural medicine [5] . Therapeutic effects include preventative against cancer and chronic conditions [6] . As a result, these factors have increased the interest in using goldenseal as an alternative medicine and herbal supplement [7] .
Since the popularity of herbal supplements is rapidly increasing, there is a need for validated analytical methods to determine concentrations of active components present in herbal supplements [7] . One of the major challenges associated with the extraction of compounds present in herbal plants is that most of the target analytes are relatively polar as well as thermally labile [8] . Hydrastine and berberine are particularly sensitive to light and heat [9] . Conventional extraction methods such as reflux, soxhlet and ultrasonic extractions of these compounds are usually performed [10] . These extraction methods employ large volumes of organic solvents at low temperatures over a long period (up to 48 h) [11] .
The necessity to reduce both the use of organic solvents and the time needed for extracting different analytes from medicinal plants and other environmental matrices has led to newer extraction methods [12] . The use of pressurized liquid extraction (PLE) is an attractive alternative as it achieves fast extractions that are associated with small volume solvent consumption, and exhibit good potential to automate the extraction procedures [13] . PLE has been reported for the extraction of hydrastine and berberine employing organic solvents [14] that are derived from fossil fuel and have relatively high environmental impact. Another method for the extraction of berberine in medicinal plants using supercritical carbon dioxide with organic solvents and surfactants as modifiers was reported [15] . Whereas environmentally friendly carbon dioxide was used at a relatively low temperature (60˚C), the extraction time was rather long (3 h). Further, organic modifiers were required to improve the yields. Ong et al. have reported a PHWE method for the extraction of berberine in medicinal plants. However, they used ethanol as a modifier and their extraction efficiency was lower (90%) [8] . PHWE is a form of PLE in which the solvent used is mainly water. Teo et al. has written a detailed review on the PHWE technique [16] .
In the past few years PHWE has received increasing attention as an alternative extraction method. It has been demonstrated that raising the temperature of water above the atmospheric boiling point, with enough pressure to maintain the liquid state allows it to quantitatively extract a variety of organic solutes from different matrices, including analytes present in plant materials [17] . Under such conditions, the fast movement of the water molecules disorders the intermolecular hydrogen bonding, and the dielectric constant (specific permittivity) is lowered, which gives water more non-polar solvent characteristics [18] . Moreover, the viscosity and surface tension of the solvent decrease as the solubility and diffusion rate of the target compounds increase. The penetration of the solvent into the matrix and the transfer of the compounds out from the matrix are faster than in a similar extraction process performed at room temperature [16, 17] . Hence, compared to conventional extraction methods, the PHWE technique attains more rapid and efficient extractions with minimal consumption of organic solvent [16] . To the best of our knowledge, the application of PHWE in the extraction of alkaloids in medicinal plants and herbal supplements is an area that still remains to be explored.
However, there is a potential challenge in using PHWE for extraction of alkaloids. In theory, high temperatures could be recommended for shorter extractions times and higher extraction yields but in practice degradation of thermally labile compounds may occur if the temperature used is too high [19] . Studies conducted on extraction and degradation of antioxidants from birch bark [20] and anthocyanins from red onion [13] have been conducted. In the current study, both the extraction and degradation of the thermolabile alkaloids present in goldenseal; hydrastine and berberine, using water as the only extraction solvent were investigated.
Experimental

Materials and Methods
Berberine chloride, hydrastine chloride and hydrastinine chloride standards were purchased from Sigma-Aldrich (Saint Louis, MO, USA). Formic acid and sea sand (acid purified) were purchased from Merck Chemicals (Gauteng, South Africa) while HPLC grade methanol was purchased from Merck KGaA (Darmstadt, Germany). Potassium hydroxide was from Saarchem Analytic (Krugersdorp, South Africa). Goldenseal roots, Willow Products, (Port Elizabeth, South Africa) and capsules, Solgar Corporation, (Leonia, NJ, USA) were purchased from a local herbal store in Grahamstown, South Africa.
Instrumentation
Extraction and degradation experiments were performed in custom-built PHWE equipment featuring a gas chromatographic oven with a maximum temperature of 350˚C. Inside the oven, a pre-heater stainless steel coil was present to maintain the programmed temperature, followed by the extraction cell (3 cm in length and 10 mm i.d.) closed with screw caps at both ends, which permitted a continuous flow of water. The screw caps contained stainless steel frits, to ensure that the sample remained inside the extraction cell. A cooler system (made from coiled stainless steel tubing) was used to cool the water from the oven temperature to about 25˚C. A restrictor controlled the pressure in the system in order to maintain the extracting water in liquid state. The sample was collected in a glass vial. Ultrapure water was pumped using a Bio LC pump Dionex Model GS50 Gradient Pump, Dionex Corporation (Sunnyvale, CA, USA). An ultrasonic extractor from Integral Systems (Randburg, South Africa) was used for the extraction of alkaloids to compare with PHWE while the conventional reflux apparatus were used.
HPLC System and Conditions
For all experiments, Agilent 1200 series (Santa Clara, CA, USA) equipped with a binary pump, an autosampler, column oven and diode array detector (DAD) were used. Separation was achieved on an Agilent ZORBAXE clipse Plus C 18 column (4.6 mm × 75 mm × 3.5 µm) and detection at 242 nm. The mobile phases used consisted of (A) 0.1% formic acid (pH 2.7) and (B) methanol, with an isocratic program of (A/B, 40:60, v/v) and a 6 min run time. The column temperature was set at 35˚C with a flow rate of 1 mL·min −1 and injection volume of 5 µL. A Finnigan MAT LCQ ion trap mass spectrometer (MS) equipped with an electro spray ionization (ESI) source was used for mass analysis of the degradation products. Spectra were acquired in the positive ion mode, with the capillary temperature set at 200˚C and sheath gasset at 80 arbitrary units, with the capillary and tube lens voltages set at −20 and −5V respectively.
Water was purified using the Milli-Q system (Billerica, MA, USA) and a Jenway 3510 pH meter manufactured by Bibby Scientific Ltd (Essex, UK) was used to measure the pH.
Extraction Procedures
Ultrasonication Extraction
Goldenseal roots were ground and homogenized, and then extracted using a method modified from Hartonen and others [21] . 5 g was mixed with 50 mL methanol and then sonicated for 4 h at 80˚C. The extracts were then filtered using a hydrophobic PVDF 0.45 µm Millipore Millex-HV membrane filter (Billerica, MA, USA). The methanolic extracts were diluted 1:3 with water, the pH adjusted to 7 with 0.1 M potassium hydroxide and then analysed by HPLC-DAD. The experiment was performed in triplicates. The procedure was repeated for goldenseal capsules.
Reflux Extraction
5 g of the root samples were ground and homogenized and then mixed with 200 mL methanol, refluxed for 6 h with continuous stirring then cooled to room temperature, following a method modified from Hartonen and others [21] . The extracts were then filtered using a hydrophobic PVDF 0.45 µm Millipore Millex-HV membrane filter (Billerica, MA, USA). The methanolic extracts were diluted 1:3(v/v) with water, the pH adjusted to 7 with 0.1 M potassium hydroxide and then analysis was conducted by HPLC-DAD. The experiment was performed in triplicates and the same procedure was repeated for goldenseal capsules.
2.4.3. PHWE 2.4.3.1. Extraction Experiment 2 g of goldenseal roots which were previously ground and homogenized were mixed with 2 g of sea sand, to avoid conglomeration and any void space in the extraction cell. To optimize the temperature, pressure, flow rate and time required for extraction, the temperatures were varied from 100˚C to 160˚C, pressures from 10 to 100 bars, flow rate from 0.5 to1.5 mL·min −1 and extraction time was varied from 5 to 60 min using water as the only solvent. The samples were collected in a glass vial at 3 min intervals. The eluate was mixed with methanol (3:1 v/v) the pH adjusted to 7 with 0.1 M potassium hydroxide and analyzed by HPLC-DAD. The experiment was performed in triplicates and the procedure was repeated for goldenseal capsules.
Degradation Experiment
Thermal degradation of hydrastine was carried out using both a standard and a sample. 3 mL of a 100 µg·mL −1 (n = 3) freshly prepared hydrastine standard was put in an autoclave (Rodwell Scientific Instruments, Basildon, UK) and then heated to 160˚C for 30 min, with a pre-heating time of 10 min, prior to HPLC-DAD analysis. A sample was taken out for analysis at time zero before heating the autoclave. For goldenseal samples, the extracts collected in section 2.4.3.1 (Extraction) were subjected to the same conditions.
Validation Parameters
A stock solution containing 1000 µg·mL −1 alkaloids was diluted to obtain standard solutions in the concentration range of 0 -120 µg·mL −1 to establish the linearity range. Analysis was carried out in triplicate by injecting 5 µL of each solution. Peak areas were plotted against the corresponding concentrations to obtain a calibration graph. Intra and inter-day precisions were established by analyzing 20, 60 and 100 µg·mL −1 of the alkaloids solution, three times on the same day and on three consecutive days, respectively. Accuracy was determined by analyzing a known concentration of the alkaloids, viz., 20, 60 and 100 µg·mL −1 spiked with sample in triplicate followed by the determination of the percent recovery. The signal to noise ratio was evaluated at 3:1 and 10:1 for limit of detection (LOD) and limit of quantification (LOQ), respectively.
Results and Discussion
Optimization of Extraction Procedures
Effects of Temperature in PHWE
The peak areas of hydrastine and berberine were used as evaluation criteria for the optimization of temperature, time and pressure. Of all the parameters evaluated in this study, generally, it was observed that temperature had the greatest effect while pressure had negligible effect on the extraction efficiency. Data obtained for both hydrastine and berberine (n = 3) indicated that the highest extraction yield was obtained within 15 min and it increased with increasing temperature only up to 140˚C. Above 140˚C, extraction yields decreased (see Figure 2) . This was attributed to possible degradation since the analytes are thermally labile.
Comparison of PHWE with Conversional
Methods Both PHWE and the selected conventional methods have demonstrated to be efficient in the extraction of hydrastine and berberine ( Table 1) . At a temperature of 140˚C, pressure of 50 bars and a flow rate of 1 mL·min −1 with 15 min extraction time, the total extraction yields of both the alkaloids in the root sample was 43.04 mg·g −1 (n = 3). These were comparable to those of reflux and ultrasonic extractions (39.07 and 45.67 mg·g −1 respectively). At 95% confidence level (n = 3) using the student t test, recorded reflux and ultrasonic extraction yields were not significantly different from those of PHWE. PHWE employed only water as the extraction medium to achieve comparable yields to those of conventional methods. Moreover, the extraction time was shorter (15 min) compared to over 6 h for the conventional methods.
Degradation Behavior
The optimized HPLC method was used to further study the degradation behavior of hydrastine under various high temperatures conditions using PHWE. The corresponding chromatograms are shown in Figure 3 . Only hydrastine was further investigated due to lack of berberine standard. Hydrastine showed only one major peak (4 min) at the optimal temperature of 140˚C (Figure 3(a) ). However, at elevated temperatures, 160˚C and 180˚C, some extra peaks in the lower time zone were observed. The extra peaks were assumed to be degradation prod- ucts rather than new analytes (Figures 3(b) and (c) ). It was also noted that the number of extra peaks increased as the temperature was increased. The disappearance of the hydrastine peak was attributed to it changing into its degradation products. Within the first 10 min of the experiment, 25% of the original sample had already degraded while 41% of the standard had degraded. Also, the rate of degradation for a standard is faster than that of the sample. The difference in the degradation pattern was attributed to the matrix presence which seems to have a "protective effect" on the sample. The root matrix may possibly have some other alkaloids or other antioxidants that slow down the degradation of hydrastine. Petersson et al. have demonstrated the role of the matrix in the degradation experiments of anthocyanins in red cabbage [13] . Figure 5 shows the relationship between the concentration of the hydrastine standard and time over a temperature range of 100˚C -160˚C. As expected, it was observed that the concentration decreased with time and that alkaloids were more rapidly degraded at higher temperatures. A plot of the logarithm of concentration against time resulted in pseudo first-order reaction kinetics (results not shown).
Extraction/Degradation Curves
Kinetics of Hydrastine Thermal Degradation
Peak Identification
The degradation products were tentatively identified mass spectrometry (MS). The MS data was compared to molar masses of the fragmentation pattern based on literature. Only one match corresponding to hydrastinine was found at m/z value of 208 (see peak 1 in Figure 3 ) [22] . However, the rest of the degradation products were not positively identified.
Analytical Parameters
The method was found to be linear in the concentration range of 0 -120 µg·mL −1 (r 2 = 0.9992) for both the alkaloids. The data for triplicate analysis showed that the % R.S.D. for each investigated concentration was <0.25%. The % R.S.D. for intra-and inter-day precision at three different concentrations, viz., 20, 60, and 100 µg·mL −1 was <0.40%. Also, good recoveries were obtained (over 95%) when samples were spiked with known concentration of the drug at 20, 60, and 100 µg·mL . The limits of detection (LOD) and quantification (LOQ) were found to be 0.50 and 1.65 µg·mL −1 respectively for hydrastine and 0.47 and 1.55 µg·mL −1 respectively for berberine.
Conclusion
A method for the extraction of medium polar and thermally labile hydrastine and berberine from goldenseal has successfully been developed. The proposed method utilized only water as extraction solvent and it achieved extraction yields comparable to those of conventional methods. However, at certain temperature degradation takes over extraction and therefore optimization is very important. The method could potentially be applied to other medicinal plants and herbal supplements which are now not only becoming popular but also taking into consideration the temperatures used.
